AFOSR.TR.  8  P  *  0  j>  Q  § 


00 

CO 

00 


< 

I 

Q 

< 


Annual  Technical  Report 
for 

AFOSR-84-0371 

Advanced  Guidance  Algorithms  for  Homing  Missiles  With 
Bearing-Only  Measurements 

by 


Jason  L.  Speyer  and  David  G.  Hull 
Guidance  and  Control  Group 
Department  of  Aerospace  Engineering  and  Engineering 
University  of  Texas  at  Austin 


Approved  for  public  release* 
distribution  unlimited 


Summary 


5*~-The  research  of  this  grant  is  directed  toward  the  development  of  an 
advanced  guidance  system  (navigation  filter  and  guidance  law)  for  a  short-range 
air-to-air  missile  having  a  passive  seeker  (angle-only  measurements).  During 
this  year,  four  subjects  have  been  investigated.  First,  additional  experience 
has  been  gained  with  the  modif ied-gain  extended  Kalman  filter;  it  is  becoming 
apparent  that  it  works  the  same  as  or  better  than  the  extended  Kalman  filter 
for  the  homing  missile  problem.  Second,  a  new  target-acceleration  model 
has  been  developed  to  replace  the  first-order  Gauss-Markov  process  normally 
used;  this  model  allows  target  acceleration  vector  to  rotate  and  keeps  its 
magnitude  within  bounds.  Third,  because  the  homing  missile  problem  with 
angle-only  measurements  is  nonlinear,  the  guidance  law  affects  the  performance 
of  the  filter;  a  new  guidance  law  based  on  maximizing  a  measure  of  the  size 
of  the  information  matrix  has  been  developed  and  has  been  shown  to  improve 
filter  performance.  Fourth,  a  study  of  the  use  of  new  theory  on  fault  detection 
has  been  initiated;  the  intent  is  to  use  this  theory  to  detect  target  maneuvers 
(the  target  maneuver  appears  as  a  fault)  so  that  the  filter  can  be  restarted.  - 
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advanced  guidance  system  (navigation  filter  and  guidance  law)  for  a  short-range 
air-to-air  missile  having  a  passive  seeker  (angle-only  measurements)*  During 
this  year,  four  subjects  have  been  investigated*  First,  additional  experience 
has  been  gained  with  the  modif ied-gain  extended  Kalman  filter;  it  is  becoming 
apparent  that  it  works  the  same  as  or  better  than  the  extended  Kalman  filter 
for  the  homing  missile  problem.  Second,  a  new  target-acceleration  model 
has  been  developed  to  replace  the  first-order  Gauss-Markov  process  normally 
used;  this  model  allows  target  acceleration  vector  to  rotate  and  keeps  its 
magnitude  within  bounds.  Third,  because  the  homing  missile  problem  with 
angle-only  measurements  is  nonlinear,  the  guidance  law  affects  the  performance 
of  the  filter;  a  new  guidance  law  based  on  maximizing  a  measure  of  the  size 
of  the  information  matrix  has  been  developed  and  has  been  shown  to  improve 
filter  performance.  Fourth,  a  study  of  the  use  of  new  theory  on  fault  detection 
SToStnTiution"  ^as  been  initiated;  the  intent  is  to  use  this  theory  to  detect  target  maneuvers 
(the  target  maneuver  appears  as  a  fault)  so  that  the  filter  can  be  restarted. 
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Research  Objectives  and  Status 


A  special  class  of  stochastic  control  systems  (compensators)  is  being 
developed  for  the  guidance  law  of  a  homing  missile  by  exploiting  the  special 
nonlinear  structure  of  the  missile-target  engagement  (plant).  The  system 
block  diagram  is  given  in  Viewgraph  1.  The  current  guidance  law,  proportional 
navigation,  although  generally  effective,  degrades  under  initial  intercept 
geometries  that  produce  large  nonlinearities  about  the  homing  triangle,  or 
due  to  active  target  motion  which  can  also  induce  large  nonlinearities. 

Our  guidance  law  investigations  have  emphasized  measurements  from  passive 
sensors  for  which  only  bearing  information  is  available  although  many  results 
can  be  extended  to  the  active  sensors  where  range  and  range  rate  information 
is  available.  However,  the  bearings-only  guidance  problem  is  the  most  chal¬ 
lenging  because  the  stochastic  controller  has  a  dual  role  (Fel’dbaum's  dual 
control)  which  is  to  enhance  the  filter  performance  so  as  to  achieve  minimal 
expected  terminal  miss.  Nevertheless,  given  the  classical  information  pattern 
inherent  in  current  missile  guidance  formulations,  the  separation  theorem 
of  Witsenhausen  states  that  the  filter  structure  is  independent  of  the  control¬ 
ler  structure  although  the  guidance  system  structure  is  highly  dependent 
on  the  predicted  filter  performance.  These  notions  are  expressed  in  Viewgraph 
2  along  with  two  additional  difficulties  inherent  in  the  plant  that  must 
eventually  be  included  in  the  guidance  formulation. 

Motivated  by  the  separation  theorem,  high-performance  estimators  have 
been  developed  first;  they  are  tailored  to  the  special  nonlinearities  of 
the  missile-target  engagement.  By  investigating  the  properties  of  these 
nonlinearities,  it  has  been  noticed  that  they  belong  to  a  special  class  which 
has  a  universal  linearization  with  respect  to  the  nonlinear  measurement  func¬ 
tion.  This  means  that  the  estimation  error  equations  is  Gauss-Markov  condi¬ 
tioned  on  the  measurement  function  and  the  current  state  estimate.  Therefore, 
a  Kalman  filter  formulation  is  reasonable  where  the  Kalman  gain  reflects 
this  universal  linearization.  This  new  filter  is  called  the  modif ied-gain 
extended  Kalman  filter  (MGEKF)  and  is  the  subject  of  Viewgraph  3.  Two  important 
engineering  problems  fall  into  this  special  class;  systems  with  linear  dynamics 
in  a  cartesian  frame  but  linear  measurements  in  a  spherical  frame  (the  missile 
problem  and  state  and  parameter  estimation  in  linear  systems.  Although  we 
consider  the  MGEKF  a  breakthrough  in  guidance  filter  development,  the  coordi¬ 
nate-transformation-based  filter  [3]  has  shown  considerable  promise.  The 
results  of  [2]  have  been  applied  to  the  problem  of  estimating  the  state  and 
stability  derivatives  of  the  F-lll  [4].  Based  upon  the  quality  of  these 
results,  we  are  currently  reformulating  the  F-lll  adaptive  flight  control 
system  to  include  this  estimator. 

Simultaneously  with  this  nonlinear  filtering  development,  filter  en¬ 
hancement  by  trajectory  modulation  is  being  investigated  so  as  to  eventually 
design  dual  control  guidance  laws.  Our  initial  approach  (see  Viewgraph  4) 
has  been  to  use  some  measure  of  the  Fisher  information  matrix  as  a  performance 
index.  The  trace  of  the  information  matrix  is  most  convenient  since  it  commutes 
with  the  integration  operator.  Initial  results  show  that  along  an  information 
optimized  path,  filter  performance  is  dramatically  improved  over  that  of 
a  homing  path  using  proportional  navigation  t (AFSC) 
the  Fisher  information  matrix  has  been  cdi!5tf8<£«eir TtfigTGxtended 
Kalman  filter  algorithm.  Although  much  insight;  heebbienfcatiwdt;  IttebrwMtottqjrQd  and  is 
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performance  indices  are  too  complex  to  reduce  to  simple  guidance  laws.  How¬ 
ever,  if  guidance  system  analysis  is  simplified  by  assuming  a  deterministic 
structure  where  the  filter  is  replaced  by  an  observer,  the  dual  control  re¬ 
quirement  is  retained.  Note  that  most  current  deterministic  guidance  studies 
assume  perfect  information,  and,  therefore,  ignore  delays  and  state  estimat ion 
errors  introduced  by  the  nonlinear  observer.  If  the  information  measure 
(or  observability  measure  in  this  deterministic  formulation)  is  based  on 
the  pseudomeasurement  observer,  which  produces  biased  estimates  in  the  pre¬ 
sence  of  noise  [1],  then  the  performance  index  reduces  to  a  quadratic  function 
in  the  states.  Combining  this  with  the  current  linear-quadratic  guidance 
problem  produces  a  linear-quadratic  cost  which  is  not  convex  but  seems  to 
capture  the  essence  of  the  dual  control  problem.  The  properties  of  this 
new  guidance  formulation  are  being  investigated  with  the  hope  that  it  will 
have  significant  impact  on  homing  guidance  design. 

The  remainder  of  Viewgraph  4  describes  additional  difficulties  that 
must  be  overcome  in  designing  practical  guidance  laws.  First,  the  measurement 
noise  statistics  are  not  known  apriori.  An  algorithm  for  determining  these 
statistics  on-line  is  given  in  [7].  Finally,  but  very  important,  target-motion 
models,  which  reflect  the  missile-target  engagement  and  are  easily  included 
in  filter  algorithms,  are  being  developed  [8]. 
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